Abstract To approach Juvenile nasopharyngeal angiofibroma extending to the sphenoid sinus, pterygoid wedge and minimal involvement of the pterygopalatine fossa (Radkowski Stage 2 A) with an endoscopic technique without embolization with no recurrence and minimal morbidity and mortality. This is a retrospective, descriptive study based on the medical records of 15 patients with histologically confirmed JNA who underwent endoscopic binostril four handed endoscopic excision in our centre without embolisation between 2010 and 2015. All 15 patients were young males with a mean age of 14.13 years who underwent endoscopic excision of JNA without embolisation. Nasal obstruction (100 %) and epistaxis (100 %) were the most common symptoms. Average surgery length was 1 h 41 min. Mean blood loss was 67.2 ml and none of patients required blood transfusion. All patients had crusting and septal defect postoperatively, only 3 (20 %) had synechiae. Mean hospitalization time was 3.66 days. 2 (13.33 %) of our patients had a residual tumor and one (6.66 %) had a relapse in pterygoid wedge. There were no cases of death or significant morbidity. The follow up period was 1 year. Endoscopic endo nasal bi nostril four handed technique can achieve complete resection without embolization in case of small to medium sized JNA s in the hands of an experienced surgeon with minimal blood loss, low rates of recurrence and morbidity.
Introduction
The evolution of endoscopic endonasal surgery, better understanding of the skull base anatomy and advancements of the imaging have become allies in the management of JNA. Transnasal endoscopic surgery has experienced development of novel surgical trajectories to access deep seated skull base tumors. Increased surgical experience and positive outcomes have made endoscopic resection the preferred modality for excision of small to medium sized angiofibroma [1] [2] [3] [4] . Endoscopic excision with the four handed technique enables brilliant illumination, better instrumentation and meticulous dissection with decreased morbidity and hospitalization time.
The management of Juvenile nasopharyngeal angiofibroma has changed in the last decade due to advancements in endoscopic skull base surgical techniques and instrumentation. Juvenile nasopharyngeal angiofibroma is a rare, benign but aggressive neoplasm fraught with hypervascularity and difficult skull base anatomy deeming it a true surgical challenge. The high vascularity of the tumor causes bleeding during surgery leading to poor visualization and blood loss.
Hemostasis is cornerstone for anatomical visualization in JNA surgery. Preoperative assessment and surgical planning are vital for curbing intraoperative blood loss. Controlled hypotension and sophisticated intraoperative monitoring has enabled tailoring of anesthetic management according to surgical requirements. Preoperative embolization has been performed in many studies to decrease intraoperative blood loss. Nonetheless, preoperative embolization has been reported to be associated with occasional morbidity and mortality. Due to its high cost, inconsistent availability and complications, preoperative embolization may not be mandatory for smaller lesions.
Surgical treatment plays a vital role in determining the outcome and prognosis of tumor. Selection of an appropriate surgical corridor provides access to the skull base regions inaccessible by conventional approaches. The basic principle of four handed bi nostril technique enables to keep the operative field bloodless with freedom of manipulation for performing dissection and mobilization of tumor. This improves the quality of the surgery with better visualization of tumor extensions in the cancellous bone of the skull base. This leads to optimization of surgical outcomes such as absence of residual or recurrent tumor with minimal morbidity and mortality.
This study aims to review management of Radkowski Stage 2 A Juvenile nasopharyngeal angiofibroma in our institution during the past 6 years and to analyze its outcome.
Materials and Methods
A retrospective study was conducted from medical records of 15 patients who underwent endoscopic resection of histopathologically proven JNA without embolization at our institution from January 2010 to January 2015. All patients underwent preoperative nasal endoscopic examination and contrast enhanced Computed Tomographic scan (Fig. 1a, b) . After detailed examination of imaging data, cases were staged according to Radkowski classification system and cases of stage 2 A were selected. Patients with revision surgeries, lost to follow up and adjuvant therapies were excluded from the study. The patients were informed about the study and signed a written informed consent. All patients were operated by the same surgeon.
Technical Description
Nasal endoscopy was done and extensions and attachments of the tumor were noted (Fig. 2) . After induction of anesthesia, patient was placed in the reverse trendelenburg position. Hypotensive anesthesia was administered and mean blood pressure was maintained between 65 and 75 mmHg. Nasal cavity was packed with neuropatties soaked in 1:1000 adrenaline for decongestion and hemostasis.
Endoscopic Septal correction was initially performed in cases of septal deviation to gain adequate access and exposure.
Inferior turbinate and partial middle turbinate resection was performed using turbinectomy scissors. The posterior most end of the turbinate may bleed due to a branch from the sphenopalatine vessel which was cauterised using bipolar diathermy forceps.
Uncinectomy and a wide middle meatal antrostomy ( Fig. 3 ) was performed extending posteriorly to posterior wall of maxillary sinus, anteriorly posterior to nasolacrimal duct, inferiorly into the inferior meatus till the floor of the nasal cavity and superiorly to the level of the floor of the orbit providing access to the medial wall of the pterygopalatine fossa.
Ethmoidectomy was done to delineate the tumor. The intrasphenoid septum was removed to delineate anatomy of vital structures such as optic nerve, internal carotid artery, sellar floor and clival recess in cases with bilateral sphenoid involvement. A septal window creation/septectomy was performed so that four handed technique could be performed and the whole nasopharyngeal part of the tumor was visualised ( Figure 4) .
The mucosa overlying the medial aspect of the posterior wall of maxillary sinus was debrided. The Palatine bone was nibbled away till the posterior wall of the maxillary sinus using a silcut forceps. The anterior edge of the sphenopalatine foramen was punched using upturned sphenoid rongeur. This exposed the sphenopalatine artery and the tumor involving the medial part of pterygopalatine fossa. Mallet and gouge was used to chisel out the bone of the posterior wall of maxillary sinus thus exposing the pterygopalatine fossa. A ball probe was then used to elevate the bone thus exposing the periosteum behind the maxillary sinus (Fig. 5 ). A straight scissors was then used to open the periosteum till the fat of the pterygopalatine fossa was seen. Sphenopalatine and descending palatine arteries were identified and either clipped or cauterised (Fig. 6 ).
After cauterization of the SPA, the fat in the fossa was pushed laterally and the tumor pushed medially so that the pterygoid wedge was visualized (Fig. 7) . A down biting sphenoid rongeur or a coarse diamond burr was used to drill the pterygoid wedge to expose the lateral recess of sphenoid sinus. The tumor in the lateral recess was elevated and pushed medially using a freer's elevator. The nasopharyngeal portion of the tumor was lifted up and an incision was made at the level of the basisphenoid below its attachment (Fig. 8) . It was dissected from the buccopharyngeal fascia ensuring removal of major part of the tumor. It was then delivered either through the nose or orally depending on the size of the tumor (Fig. 9) . The cavity was packed with merocel.
Postoperative CECT was performed after 36 h of surgery (Fig. 10) . In case of residue, patient was planned for The mean follow-up period was 1 year. The outcomes were measured using average blood loss, duration of surgery, complications, residual and recurrence.
Results
15 patients diagnosed with Juvenile nasopharyngeal angiofibroma were staged based on the classification system proposed by Radkowski. All patients were operated by binostril four handed endoscopic technique without embolization. Our study included 15 young males with a mean age of 14.13 years (range 11-18 years). All our patients presented with nasal obstruction and epistaxis. Average surgery time duration was 1 h 41 min. Mean blood loss was 67.2 ml ( Table 1) . None of our patients suffered from any intraoperative or immediate postoperative complications.
All patients had crusting and septal defect postoperatively, however only 3 (20 %) patients in earlier part of our study period had synechiae.
Mean hospitalization time was 3.66 days. All fifteen patients who underwent surgery were followed up for 12 months.
In the early part of our study period, we detected that 2 (13.33 %) of our patients had a residual tumor detected in pterygoid wedge and 1 (6.66 %) of these patients had a relapse after 6 months of surgery. The pterygoid wedge had not been drilled in the earlier part of our study, which made us realize the necessity of this particular step and this had prevented further residuals and relapses in the rest of our cases.
Discussion
Hippocrates was the first to give description of Juvenile nasopharyngeal angiofibroma in 5 th century BC [5] .In 1906, Chaveu coined the term Juvenile nasopharyngeal angiofibroma [6, 7] . Juvenile nasopharyngeal angiofibroma is a rare tumour seen in young males that spreads invading natural foramina, fissures and cancellous skull base bone. This highly vascular tumour is multilobulated with extensions in skull base areas with difficult visualization and access. Imaging plays an important role in diagnosis and surgical planning of JNA. This noninvasive method helps to confirm the diagnosis with detailed description of spread of tumor to aid in surgical planning. It can give insight into areas with high risk of residual and recurrent disease. The Contrast Enhanced Computed tomography scan is the preferred imaging modality.
Surgery is the mainstay treatment in management of Juvenile nasopharyngeal angiofibroma. Numerous surgical approaches have been advocated in the past including transpalatal approach, medial maxillectomy, midfacial degloving, Le fort osteotomy and infratemporal fossa approach [6] . However, these external approaches are flawed with increased operative and hospitalization time, external scar, enormous blood loss, and significant morbidity and mortality [8, 9] .
The administration of hypotensive general anesthesia by maintaining the patients' blood pressure at a lower level (60 mmHg) reduces the intraoperative blood loss significantly. None of our patients had any anesthetic complications.
Many studies have stated the benefits of preoperative arterial embolization in controlling as much as 50 % of intraoperative bleeding and reduced complications when associated with the endoscopic approach alone [1, [10] [11] [12] [13] [14] . However, Preoperative embolization can be avoided in small tumors in contrary to the common belief that it is indispensable. Moulin et al. concluded that embolization should only be offered to patients with larger tumors as a routine preoperative procedure after comparing the blood losses of embolized and non-embolized patients [14, 15] . Petruson et al. did not encounter statistically significant differences between intraoperative bleeding in embolized and nonembolized patients [14, 16] and found higher JNA relapse rates among embolized patients. Mc Combe et al. suggested that preoperative embolization may compromise the identification of surgical margins as it reduces tumor size, consequently increasing chances of relapse [14, 17] . Embolization can lead to difficulty in achieving plane of dissection by increasing the fibrous component of the tumor [18] .
Embolization is associated with complications ranging from nerve injury(facial nerve injury), devitalisation of tissues such as overlying skin and nasal mucosa to accidental embolization of brain and ophthalmic artery [6] causing hematomas, blindness, hemiplegia, stroke, cranial nerve palsies [19] .
In our study, the mean blood loss was only 67 ml and none of the patients required a blood transfusion. This is attributed to the meticulous dissection using centripetal approach and distal vascular control using sphenopalatine artery ligation. Hemostasis was achieved in tumor at this stage by adopting surgical strategy wherein the feeder vessels of the tumor such as branches of the internal maxillary artery-sphenopalatine and descending palatine artery were identified and subsequently ligated at the beginning of the surgery. The principle of devascularization prior to tumor dissection can decrease intraoperative blood loss and can obliviate the need for embolization.
Borghei et al. [6] had a mean blood loss of 1068 ml requiring 0.75 packs of blood on an average. Other studies show blood loss reduced by 836-1200 ml per non embolised patient and by 400-600 ml per embolised patient [14] .Nicolai et al. reported amount of blood loss in 15 patients after embolisation as mean of 372 ml [6] .
In our study average surgery length was 101 min. According to Fonseca et al., the average surgery length was 140 min. [14] We observed that with increasing surgical expertise, the time duration of surgery gradually decreased over our study period.
In our study, all patients had crusting and septal defect postoperatively, however only 3 (20 %) patients in earlier part of our study period had synechiae which is similar to other studies [2] .
In our early study period, we noticed residual tumor in pterygoid wedge which made us realize its importance as a common site of involvement in all our cases. Hence, we concluded that drilling of the pterygoid wedge was a mandatory step to prevent further residual tumor and relapses. In our study, the recurrence rate was (13.33 %) and relapse rate was 6.66 % (1 case).In the cases with residual and recurrence, the pterygoid wedge had not been drilled.
Ardehali et all performed endoscopic resection of JNA using adrenaline tampons without embolisation with mean blood loss of 1261 ± 893 cc. and recurrence rate of 21.88 % (7 cases) at 2 years following surgery. Mean hospitalization time was 3.56 ± 0.6 days [20] . JNA is a vascular tumor dreaded and infamous for its high recurrence rates ranging from 25 to 46 % [20] [21] [22] [23] [24] .
Conclusion
Binostril four handed endoscopic technique without embolization ensures the safe and effective excision as shown by complete tumor removal, decreased intraoperative blood loss and low recurrence rates. Intraoperative hemostasis can be achieved by devascularization of tumor by ligation of the feeder vessels prior to tumor manipulation.
